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Black liquor gun 

FIELD OF THE INVENTION 

[0001] The invention relates to a black liquor gun for feeding black 
liquor into a recovery boiler, the black liquor gun comprising a nozzle to be in- 
serted through a wall of the recovery boiler into a furnace. 

BACKGROUND OF THE INVENTION 

[0002] Spent waste liquor, i.e. 'black liquor", produced in pulp manu- 
facture is burnt in recovery boilers to recover the energy it contains as heat, on 
the one hand, and, on the other hand, to recover the chemicals it contains and 
to recycle them and thus to reduce the need for additional chemicals. Black 
liquor is fed into recovery boilers by black liquor guns, which convert continu- 
ous black liquor flow into droplet spray, which is sprayed into the furnace 
where it is burnt. A problem with known solutions is that the nozzle and joints 
of black liquor guns tend to burn. This is because, for instance, molten black 
liquor or burning coal accumulates on the black liquor gun as a result of flows 
occurring during combustion, which causes that the nozzle burns in course of 
time. In addition, oxygenous air flows through the mounting hole of the nozzle 
into the recovery boiler, which intensifies the burning of the material accumu- 
lated at the nozzle arm and causes that the nozzle arm becomes damaged 
more rapidly. 

[0003] Significant factors during burning are poor cooling of the gun 
pipe and the above-mentioned accumulations on the outer and inner surfaces. 
As the nozzle of a black liquor gun may, in the worst case, become damaged 
and unusable even in one day and since one recovery boiler may include sev- 
eral black liquor guns, the repairing or replacement of the nozzles is an exten- 
sive and expensive service operation. At its worst, dozens of black liquor guns 
may burn and become damaged in one month. The burning and ensuing 
breaking of the black liquor gun cause significant extra costs, hinder the forma- 
tion of an optimal droplet size and, in some cases, even cause danger, as 
black liquor, which is not in droplet format, flows directly to a char bed on the 
bottom of the recovery boiler. 

[0004] Black liquor guns are serviced and their burning is prevented 
by different manual cleaning solutions, which remove material accumulated at 
the gun arms by means of different cleaning brushes and other devices. Some 
mechanical cleaning devices for black liquor guns have also been tested, but 
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the results obtained were not satisfactory. Attempts have been made to clean 
black liquor guns and their mounting holes by blowing steam or air into the 
mounting hole, which has not considerably hindered the burning of the guns 
either. 

BRIEF DESCRIPTION OF THE INVENTION 

[0005] It is an object of the present invention to provide a black liq- 
uor gun which has a longer service life than the known solutions and which can 
weaken the combustion phenomenon, in particular. 

[0006] The black liquor gun of the invention is characterized in that 
inside the black liquor gun, at least at the nozzle, there is a flow guidance ele- 
ment in the longitudinal direction of the nozzle and fastened to the black liquor 
gun, which flow guidance element reduces, in its location, the cross-sectional - 
area of a black liquor flow channel inside the black liquor gun and provides an 
annular flow channel between the outer wall and the flow guidance element. 

[0007] The essential idea of the invention is that at least inside the 
nozzle of the black liquor gun is mounted a longitudinal flow guidance element, 
which, on the one hand, reduces the cross-sectional area of the flow channel 
at least in the region of the nozzle, as the black liquor flow channel is formed 
. into an annular channel between the flow guidance element and the nozzle, 
whereby the flow rate of black liquor in the black liquor gun increases at least 
in the region of the nozzle and the cooling effect improves. According to a pre- 
ferred embodiment of the invention, the flow guidance element comprises 
parts, which control the black liquor flow and make the black liquor rotate in- 
side the black liquor gun. These parts can be separate control blades, a sepa- 
rate spiral thread or the like placed on the surface of and around the flow guid- 
ance, or at least a part of the length of the flow guidance element can be 
twisted in a spiral manner in its longitudinal direction. 

[0008] The invention provides the advantage that since the flow rate 
in the tubular channel increases, black liquor spends less time in the black liq- 
uor nozzle and, consequently, since the heat in the furnace of the boiler does 
not have so much time to affect the black liquor to be fed, it remains cooler and 
cools down the black liquor gun more effectively. Rotational movement also 
provides the advantage that since the black liquor gun heats up differently on 
each side, the rotation of black liquor makes the black liquor flow both past the 
hottest and the coolest parts of the surface. Thus, temperature differences will 



be balanced and with respect to current solutions, the temperature of the hot- 
test parts is lower. The service life of black liquor guns is thus made substan- 
tially longer in a simple and easy manner. 

BRIEF DESCRIPTION OF THE FIGURES 

[0009] The invention will be described in greater detail in the at- 
tached drawings, in which 

Figure 1 schematically shows a cross-section of a conventional re- 
covery boiler, 

Figures 2a and 2b schematically show a structure of black liquor 
gun of the invention partly cut open from the side, and a cross-section thereof, 

Figures 3a and 3b schematically show another nozzle of the black 
liquor gun of the invention cut open from the side, and a cross-section thereof, 

Figures 4a to 4e schematically show examples on cross-sections of 
flow guidance elements of the black liquor gun according to the invention, and 

Figure 5 schematically shows a side view of a flow guidance ele- 
ment of the black liquor gun according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] Figure 1 shows a recovery boiler 1 known per se. The recov- 
ery boiler 1 is provided with a furnace 2, the lower part of which comprises a 
char bed 3. The char bed 3 is formed when black liquor is sprayed by black 
liquor guns 4 into the furnace of the recovery boiler, after which it falls as drop- 
lets to the bottom of the furnace 2 and forms a char bed in a manner known 
per se. The figure also shows primary nozzles 5a and 5b, secondary nozzles 
6a and 6b and tertiary nozzles 7a and 7b, through which combustion air for 
black liquor combustion is fed into the recovery boiler in a manner known per 
se . As the figures show, the primary, secondary and tertiary nozzles can be 
arranged as two feeding levels one upon another at a suitable distance from 
each other. Instead of them, another structural solution known per se and used 
in connection with air nozzles can be employed for feeding air into the recovery 
boiler. Since these various air feed solutions are fully known to a person skilled 
in the art and do not substantially relate to the present invention, it is by no 
means necessary to describe these different air feed alternatives in more de- 
tail. 

[0011] When black liquor burns, combustion gases are formed in- 
side the recovery boiler, which flow to the upper part of the recovery boiler. 
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The upper part comprises heaters known per se, e.g. superheaters 8, which 
are heated by the hot combustion gases. Simultaneously they heat steam in- 
side the heaters, after which the combustion gases are discharged from the 
recovery boiler into a flue gas duct 9. While flowing in the flue gas duct 9, they 
heat the heaters, i.e. economizers 10, in the flue gas duct as well as the water 
flowing therein. The structure and operation of all these parts are fully known to 
a person skilled in the art and, since they do not substantially relate to the ac- 
tual invention, it is not necessary to explain them in greater detail herein. 

[0012] Figure 2a schematically shows a structure of a black liquor 
gun of the invention from the side and partly cut open. The black liquor gun 4 
comprises a nozzle 1 1 , which extends through the outer wall of the recovery 
boiler, schematically illustrated with line 12, into the furnace of the recovery 
boiler. Black liquor is fed into the black liquor gun through a feed channel 13 
and an arm 14, flowing further through the nozzle 11. The nozzle of the black 
liquor gun is usually provided with a decomposition plate 15, at which the spray 
of black liquor supplied by the nozzle 1 1 hits, scattering as droplet spray into 
the furnace and falling onto the char bed on the bottom of the recovery boiler 
where it burns. In the black liquor gun of the invention there is a flow guidance 
element 16 at least in the nozzle that is located inside of the furnace of the re- 
covery boiler. The flow guidance element 16 is inside the black liquor gun so 
that a channel 17 with an annular cross-section is formed between the flow 
guidance element and the outer wall of the black liquor gun. As a result, the 
cross-sectional flow area of the black liquor gun decreases and the black liquor 
flow rate along the length of the flow guidance element 16 increases. Because 
of a higher flow rate, black liquor, which is heated due to the high temperature 
inside of the furnace of the recovery boiler, does not heat so much in the black 
liquor gun and the temperature differences will be balanced. Consequently, the 
temperature of the black liquor gun remains lower and burning of its material 
decreases. By using a flow guidance element 16 having a suitable shape, the 
black liquor is brought to rotation in the longitudinal direction of the black liquor 
gun in the annular channel 17, whereby the nozzle 1 1 of the black liquor gun 4 
is cooled more evenly and the burning of the black liquor gun is decreased. 

[0013] Figure 2b schematically shows a cross-section of the black 
liquor gun of Figure 2a, taken along the line A-A. As Figure 2b shows, at the 
nozzle of the black liquor gun there is a flow guidance element 16, around 
which an annular flow channel 17 is formed. The cross-section and diameter of 



the flow guidance element 16 and thus the cross-section of the annular chan- 
nel 17 can vary in different ways, as shown in the following figures, for in- 
stance. 

[0014] Figures 3a and 3b schematically show another embodiment 
of the black liquor gun of the invention cut open from the side of its nozzle, and 
a cross-section thereof. 

[0015] Figure 3a shows the black liquor guns nozzle 11, inside 
which there is a bar-like flow guidance element 16, which in this embodiment 
extends quite far outside the wall of the furnace of the recovery boiler. An an- 
nular channel is formed between the flow guidance element 16 and the outer 
wall 14 of the black liquor gun. A threadlike guide 18 is fastened by way of ex- 
ample around the flow guidance element 16 in a spiral manner. Due to the spi- 
ral thread 18, black liquor fed to the black liquor gun starts to rotate around the 
longitudinal axis of the black liquor gun as shown by arrow B. Since the upper 
surface of the nozzle of the black liquor gun faces the upper chamber of the 
boiler and easily accumulates a layer of burning material and the lower surface 
is more or less "protected" from direct heat radiation, the spiral flow of black 
liquor causes that the temperature differences between the upper and the 
lower side are balanced, which decreases the burning of the outer wall of the 
black liquor gun in the furnace of the recovery boiler. Figure 3b schematically 
shows the cross-section of the embodiment according to Figure 3a taken along 
the line A-A. It partly shows the spiral thread 18. Figure 3b also shows that in 
this embodiment the flow guidance element 16 is made of a solid material. 
Figures 3a and 3b also show by way of example blade-like fastening means 
19, by which the flow guidance element 16 is fastened to the outer wall of the 
black liquor gun, preferably on its inner surface, so that it remains in its place. 
There can be a different number of fastening elements 19 and, if necessary, 
their shape can vary. The fastening means 19 can also be shaped as blades in 
a way that they make the black liquor flow rotate. 

[0016] Figure 4 shows other suitable cross-sections a to e of flow 
guidance elements of the black liquor gun according to the invention. The 
cross-section of a flow guidance element can be round, but also other cross- 
sections, such as angular, star like, flat and elliptical cross-sections, are possi- 
ble. The flow guidance element can also be provided with separate guides, as 
shown in the embodiment e) of Figure 4. In this case, the cross-section of the 
flow guidance element 16 is round, and a fairly low, flat flow guide 18 x is fas- 



tened to the flow guidance element. This flow guide can be fastened according 
to Figures 3a and 3b to the flow guidance element 16 so that it is twisted 
around the flow guidance element 16 in a spiral manner, thus bringing the 
black liquor to rotation. As Figure 4e shows, the height of the flow guide in the 
cross-direction can also vary. Similarly, in the embodiments a to d of Figure 4, 
at least a part of the length of the flow guidance element can be twisted around 
its longitudinal axis to form a spiral or screw-like structure. Figure 5 schemati- 
cally shows an embodiment where a flat flow guidance element according to 
the embodiment c of Figure 4 is twisted around its longitudinal axis to form a 
slightly spiral or screw-like flow guidance element. Although Figure 5 shows a 
straight flow guidance element 16, it can naturally be shaped to curve accord- 
ing to the nozzle 1.1, as shown in Figures 2a and 3a. 

[0017] The drawings and the related description are only intended 
to illustrate the idea of the invention. The details of the invention may vary 
within the claims. Thus, flow guidance elements can be either tubular or made 
of a solid material. Also, one or more separate flow guides can be twisted 
around the flow guidance element, the flow guides making the black liquor ro- 
tate around the longitudinal axis of the black liquor gun. With respect to the 
cross-sectional area of the black liquor gun, the cross-section of the flow guid- 
ance element can vary in different ways and according to the desired flow rate. 
As to the manufacturing technique, the most preferable flow guidance element 
has a substantially constant cross-section, whereby at least the end from 
which the black liquor flow is supplied is shaped as tapered to ease the flow. 



